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(57) ABSTRACT 

A control system is operatively associated With a suspension 
system of a vehicle. The associated suspension system 
includes an associated ?uid spring operating at an associated 
?uid pressure and an associated variable-rate damper having 
an associated electronically-variable damping rate. The con 
trol system includes a pressure sensor operative to generate 
a pressure sensor signal indicative of the associated ?uid 
pressure of the associated ?uid spring, and a controller in 
communication With the pressure sensor and the associated 
variable-rate damper. The controller is operative to receive 
the pressure sensor signal and generate a damper adjustment 
signal based at least partially on the pressure sensor signal 
for adjusting the associated electronically-variable damping 
rate of the associated variable-rate damper. A vehicle sus 
pension system includes such a control system, and a 
method of controlling a suspension system of a vehicle is 
also included. 

19 Claims, 4 Drawing Sheets 
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VEHICLE SUSPENSION SYSTEM AND 
METHOD 

BACKGROUND 

The present novel concept broadly relates to the art of 
vehicle suspension systems and, more particularly, to a 
vehicle suspension system utilizing electronically-variable 
damping based upon an air spring pressure, and a method of 
controlling a vehicle suspension using the same. 

The present novel concept ?nds particular application and 
use in conjunction With suspension systems of Wheeled 
vehicles, and Will be described herein With speci?c reference 
thereto. However, it is to be appreciated that the present 
novel concept is also amenable to use in other applications 
and environments, and that the speci?c uses shoWn and 
described herein are merely exemplary. 

It is Well knoWn that land vehicles of most types and kinds 
are out?tted With a suspension system that supports a sprung 
mass of the vehicle (e.g., a body or chassis) on an unsprung 
mass of the vehicle (e.g., an axle or Wheel-engaging mem 
ber). Known suspension systems typically include a plural 
ity of spring elements (e. g., coil springs, leaf springs, torsion 
springs and/or air springs) that are responsive to forces 
and/ or loads acting on the sprung and/ or unsprung masses of 
the vehicle. Additionally, knoWn suspension systems com 
monly include a plurality of damping members for dissipat 
ing energy inputs, such as the forces and/or loads acting on 
the sprung and/or unsprung masses of the vehicle. 

It is Well understood, hoWever, that damping members 
undesirably transmit road and other inputs to the sprung 
mass of a vehicle, and that the level of damping action of the 
damping member has a relation to the amount or magnitude 
of the road input that is transmitted through the damping 
member to the sprung mass of the vehicle. Typically, the 
more aggressive the damping action of the damping mem 
ber, the greater amount of the road or other input that is 
transmitted to the sprung mass of the vehicle. Thus, a more 
comfortable ride is often achieved With a loWer relative 
damping rate. HoWever, it is also Well understood that 
vehicle performance is affected by the level of damping 
action of a suspension system and that better handling and/or 
performance is normally achieved at higher damping rates. 
As a result, a vehicle manufacturer Would, in many cases, 
compromise betWeen performance and ride quality to avoid 
either an undesirable decrease in performance due to the use 
of too loW a damping rate, or an undesirably rough ride due 
to the use of an overly aggressive damping rate. 

In an effort to improve performance and/ or ride quality of 
vehicles, suspension systems and/or components thereof 
have been developed that are operative to vary the damping 
rate of the damping members in response to inputs acting on 
the vehicle. One example of variable-rate dampers that are 
suitable for use in such a suspension system are air propor 
tional dampers, Which are Well knoWn and normally include 
an air spring as the operative spring member of the suspen 
sion system. Generally, air proportional dampers include 
valving that is adjusted to vary the damping rate of the 
damping members in a manner proportional to the changes 
in the air pressure of the air springs. That is, the valving is 
in ?uid communication With the air spring so that changes in 
air spring pressure directly change the valving of the damper 
and, therefore, directly change the damping rate thereof. 

HoWever, air proportional dampers and the use thereof 
introduce certain problems and/or disadvantages that have 
resulted in the limited adoption and use thereof, at least in 
certain applications. One disadvantage is that air propor 
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2 
tional dampers include various ?uid volumes, ?ttings and 
connectors that can result in ?uid leakage due to the loss of 
seal integrity at or along the numerous component intercon 
nections. Another disadvantage is that these additional vol 
umes and components utiliZe valuable space on the vehicle. 
This can be particularly problematic on smaller or estheti 
cally oriented vehicles, such as passenger vehicles, pickup 
trucks and sport utility vehicles, for example, Where avail 
able space for such components is minimal. 
As an alternative to mechanically-variable damping mem 

bers, electronically controlled dampers have been devel 
oped. Such devices are commonly used and can include 
dampers using magnetorheological damping ?uid or elec 
trorheological damping ?uid as Well as dampers using 
siZe-variable ori?ces that are adjustable using an electric 
motor. Such devices are commonly employed in suspension 
systems that utiliZe active or semi-active damping control in 
Which the damping rate of the damping member is continu 
ally adjusted based upon road input conditions. That is, 
active and semi-active damping control schemes adjust the 
damping rate of the dampers in real time or near-real time 
based upon sensor signals corresponding to road and/or 
driving conditions. Generally, the purpose and goal of active 
and semi-active damping control schemes is to instanta 
neously sense and counteract road or other inputs to thereby 
prevent the inputs from reaching the sprung mass of the 
vehicle, or at least to substantially reduce the magnitude of 
the road inputs that reach the sprung mass of the vehicle. 

HoWever, to be able to sense a road input (e.g., a Wheel 
impact With a pothole), receive and process the data and/or 
signals from various sensors related to the road input, and 
then instantaneously make the corresponding adjustments to 
the electrically adjustable dampers so that the road input can 
be counteracted before reaching the sprung mass of the 
vehicle, normally requires substantial processing poWer and 
a sophisticated control scheme. Thus, such systems typically 
operate on a continuous or nearly continuous basis, and are 
normally quite complex and expensive. As a result, the 
systems are less Well suited for use on more economically 
priced vehicle models. 

Other systems are also knoWn that adjust the damping rate 
of one or more damping members. One example of such a 
system is disclosed in US. Pat. No. 5,582,385 (’385), Which 
is directed to a method of controlling motion using an 
adjustable damper. As can be recogniZed from the ’385 
patent, hoWever, such systems are often as equally complex 
as those used for active or semi-active control systems. For 
example, the ’385 patent utiliZes numerous components and 
control algorithms that are together used to calculate the 
magnitude of an input force acting on a mass. The system 
then instantaneously generates a counteracting response 
using a continuous force-controlled type damper. 

Accordingly, it is desirable to develop a vehicle suspen 
sion system and method of controlling the same that over 
comes the foregoing and other problems and disadvantages. 

BRIEF DESCRIPTION 

One embodiment of a control system in accordance With 
the present disclosure for an associated suspension system of 
an associate vehicle is provided. The associated suspension 
system includes an associated ?uid spring operating at an 
associated ?uid pressure and an associated variable-rate 
damper having an associated electronically-variable damp 
ing rate. The control system includes a pressure sensor 
operative to generate a pressure sensor signal indicative of 
the associated ?uid pressure of the associated ?uid spring. 
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The control system also includes a controller in communi 
cation With the pressure sensor and the associated variable 
rate damper. The controller is operative to receive the 
pressure sensor signal and generate a damper adjustment 
signal based at least partially on the pressure sensor signal 
for adjusting the electronically-variable damping rate of the 
associated variable-rate damper. 
One embodiment of a vehicle suspension system in accor 

dance With the present disclosure for an associated vehicle 
having an associated unsprung mass and an associated 
sprung mass supported on the associated unsprung mass is 
provided. The vehicle suspension system includes a ?uid 
spring assembly operatively disposed betWeen the associ 
ated sprung and unsprung masses and operating at a ?uid 
pressure. An adjustable-rate damping member is operatively 
disposed betWeen the associated sprung and unsprung 
masses. A control system includes a pressure sensor and a 
controller. The pressure sensor is in communication With the 
?uid spring assembly and is operative to generate a pressure 
signal corresponding to the ?uid pressure. The controller is 
also in communication With the pressure sensor for receiving 
the pressure signal and in communication With the adjust 
able-rate damping member. The control system is operable 
to determine a damping rate for the adjustable-rate damping 
member based at least in part on said pressure signal, 
generate a damper adjustment signal that corresponds to the 
determined damping rate, and communicate the damper 
adjustment signal to the adjustable-rate damping member. 
An exemplary method according to the present disclosure 

of controlling a suspension system of a vehicle is provided. 
The suspension system includes an adjustable-rate damper 
and an air spring operating at an air pressure. The method 
includes providing a pressure sensor in communication With 
the air spring and generating a pressure signal having a 
relation to the air spring pressure using the pressure sensor. 
The method also includes providing an electronic controller 
in communication With the pressure sensor and the adjust 
able-rate damper. The method further includes communicat 
ing the pressure signal from the pressure sensor to the 
electronic controller, and determining a target damping rate 
using the electronic controller based at least partially on the 
pressure signal. The method also includes generating a 
damper adjustment signal having a relation to the target 
damping rate using the electronic controller and communi 
cating the damper adjustment signal to the adjustable-rate 
damper. The method further includes altering the adjustable 
rate damper for operation at approximately the damping rate 
using the damper adjustment signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of one example of a 
suspension system in accordance With the present novel 
concept shoWn on an associated vehicle. 

FIG. 2 is a graphical representation of pressure versus 
damping rate. 

FIG. 3 is a graphical representation of load versus damp 
ing rate. 

FIG. 4 is a graphical representation of vehicle speed 
versus damping rate. 

FIG. 5 is a graphical representation of driver selected 
performance level versus damping rate. 

FIG. 6 is a representation of one exemplary method in 
accordance With the present novel concept of controlling a 
suspension system of an associated vehicle. 
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4 
DETAILED DESCRIPTION 

Turning noW to the draWings Wherein the shoWings are for 
the purpose of illustrating exemplary embodiments of the 
present novel concept and not for the purpose of limiting the 
same, FIG. 1 illustrates an embodiment of a suspension 
system 100 disposed in operative association betWeen a 
sprung mass, such as an associated vehicle body BDY, for 
example, and an unsprung mass, such as an associated Wheel 
WHL or an associated axle AXL, for example, of an 
associated vehicle VHC. Suspension system 100 includes at 
least one ?uid spring device, such as a plurality of ?uid or 
air spring assemblies 102, for example, and at least one 
variable-rate damping device, such as a plurality of dampers 
or damping members 104, for example. Preferably, dampers 
104 are capable of having the damping rate thereof varied 
betWeen tWo or more damping rates in response to a non 

?uid communication, such as an analog or digital electrical 
signal, message or communication, for example. One 
example of a suitable electronically variable damper 
includes a piston received in a cylinder. The piston has one 
or more ori?ces that can be varied in size or selectively 
opened and closed, such as by rotating a control rod, for 
example. The control rod can be connected to an electric 
motor, Which can be selectively operated to alter the position 
and/or orientation of the control rod. 

Suspension system 100 also includes a pressurized ?uid 
supply system 106 operatively associated With the ?uid 
spring devices for selectively supplying pressurized ?uid 
thereto and selectively transferring pressurized ?uid there 
from. In the exemplary embodiment shoWn in FIG. 1, ?uid 
supply system 106 includes a pressurized ?uid source, such 
as a compressor 108, for example, for generating pressurized 
air or other ?uids. A valve assembly 110 is shoWn as being 
in communication With compressor 108 and can be of any 
suitable con?guration or arrangement. In the exemplary 
embodiment shoWn, valve assembly 110 includes a valve 
block 112 With a plurality of valves (not shoWn) supported 
on the valve block and With corresponding valve actuators 
114 operatively connected thereto for selectively opening 
and closing the valves. Valve assembly 110 can also include 
a suitable exhaust, such as a mu?ler 116, for example, for 
venting pressurized ?uid from the system. Optionally, pres 
surized ?uid supply system 106 can also include a reservoir 
118 in ?uid communication With valve assembly 110 and 
suitable for storing a quantity or volume of pressurized ?uid. 

Valve assembly 110 can be placed in communication With 
air springs 102 in any suitable manner, such as through ?uid 
transmission lines 120, for example. As such, pressurized 
?uid can be selectively transmitted to and/or from the ?uid 
spring devices through valve assembly 110, such as to alter 
or maintain vehicle height at one or more comers of the 

vehicle, for example. 
Suspension system 100 also includes a control system 122 

in communication With various systems and components of 
the suspension system for selective operation and control 
thereof. Control system 122 can include components of any 
suitable type and/ or kind, and in any suitable arrangement or 
con?guration. In the embodiment shoWn, the control system 
includes a controller or electronic control unit 124 in com 
munication With compressor 108 and valve assembly 110 in 
a suitable manner, such as through suitable leads or con 
nections (not shoWn), for example. The controller being 
adapted to selectively operate and/or control compressor 108 
and valve assembly 110, such as for supplying and exhaust 
ing pressurized ?uid to and from ?uid spring assemblies 
102, for example. Additionally, controller 124 is in commu 
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nication With damping members 104 for selectively adjust 
ing the damping rate thereof in a suitable manner, such as by 
generating damper control signals and communicating the 
damper control signals to the dampers through a suitable 
conductor or lead (not shoWn), for example. 

Control system 122 is also operative to monitor the ?uid 
pressure Within ?uid supply system 106 and can do so in any 
suitable manner. For example, the control system can 
include a pressure sensor 126 in operative association With 
valve assembly 110. By selectively opening and closing the 
valves of valve block assembly 110, the ?uid pressure in 
reservoir 120 and/or one or more of individual air springs 
102 can be placed in communication With pressure sensor 
126, as Will be understood by those of skill in the art. As 
such, pressure sensor 126 can generate pressure signals 
having a relation to the ?uid pressure in the reservoir and/or 
each of the air springs and communicate these pressure 
signals to a suitable component or system, such as controller 
124, for example. Altemately, multiple pressure sensors can 
be used, such as pressure sensors 126' and/or 126", for 
example. In one embodiment, pressure sensors 126' are 
disposed along transmission lines 120 and are operative to 
generate signals corresponding to the ?uid pressure in the air 
springs corresponding to the associated ?uid lines. In 
another embodiment, pressure sensors 126" are disposed 
along the air springs themselves. Accordingly, it Will be 
appreciated that any suitable type, kind or arrangement of 
pressure sensing devices can be used and that the same, in 
Whichever manner provided, are operative to communicate 
a signal having a relation to the ?uid pressure of the ?uid 
spring devices and/or reservoir to the controller. 

Additionally, control system 122 can also optionally 
include one or more height sensing devices, such as height 
sensors 128, for example. The height sensing devices can be 
of any suitable type or kind (e.g., mechanically-linked rotary 
potentiometers, linear transducers, ultrasonic Wave sensors, 
electromagnetic Wave sensors), and can be provided in any 
suitable arrangement or con?guration. In one exemplary 
embodiment, height sensors 128 are operatively associated 
With ?uid spring assemblies 102 for outputting signals 
indicative of a height of the ?uid spring or the distance 
betWeen components of the vehicle. Height sensors 128 are 
in communication With controller 124 in a suitable manner, 
such as through leads or connections (not shoWn), for 
example, and controller 124 receives the height or distance 
signals from the height sensors. 

Control system 122 can also optionally include a speed 
sensing device, such as speed sensor 130, for example, in 
communication With controller 124 in a suitable manner, 
such a through a suitable connection or lead 132, for 
example. The speed sensing device is operative to generate 
speed sensor signals indicative the speed of the vehicle and 
communicate the speed sensor signals to a suitable system or 
component, such as controller 124, for example. Addition 
ally, control system 122 can optionally include an operator 
interface and/or selection device, such as may be suitable for 
communicating information, communications, data and/or 
signals of any suitable type or kind to an operator and/or 
receiving input information, communications, data and/or 
signals of any suitable type or kind from an operator. One 
example of a suitable operator selection device is shoWn in 
FIG. 1 as including a selector sWitch 134 and a plurality of 
indicator lamps 136 in communication With controller 124 
through a suitable connection or lead 138. It Will be appre 
ciated, hoWever, that any other suitable device, component 
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6 
and/or arrangement can alternately be used. For example, a 
plurality of sWitches or buttons, or a touch-screen display 
could altemately be used. 

Controller 124 can be of any suitable type, kind and/or 
construction. In the exemplary embodiment shoWn, control 
ler 124 includes a processing device 140 Which can be of any 
suitable type and/or kind, such as a microprocessor, micro 
computer or microcontroller, for example. Additionally, 
controller 124 can optionally include a memory 142 in 
communication With processing device 140. Memory 142 
can be of any suitable type or kind, such as a volatile or 
non-volatile memory, for example, and is preferably suitable 
for receiving and/or storing data, values, signals, informa 
tion, communications, algorithms and/or routines in any 
suitable form or format, such as in the form of softWare 
programs or code, for example. 

In use, suspension system 100 is operative to adjust the 
damping rate of one or more variable-rate dampers, such as 
at least one of damping members 104, for example, in 
response to variations in vehicle condition-related inputs 
Which can be of any suitable type or kind, such as variations 
in the ?uid pressure of the air spring assemblies, variations 
in the load on the vehicle, variations in vehicle speed, or 
variations in operator input, for example. As one example of 
a vehicle condition-related input, FIG. 2 shoWs a plurality of 
conditions involving a ?uid pressure level. More speci? 
cally, FIG. 2 includes a ?rst vehicle-related condition CPl 
represented by a line extending from about pressure level P l 
to about pressure level P2 and corresponding to a ?rst 
damping rate DRl. FIG. 2 also illustrates second and third 
vehicle-related conditions CP2 and CP3. Condition CP2 is 
represented by a line extending from about a pressure level 
P3 to about P4, and corresponds to a second damping rate 
DR2. Condition CP3 is represented by a line extending from 
about a pressure level P5 to about P6, and corresponds to a 
third damping rate DR3. Thus, under vehicle condition CPl 
in Which a pressure level, such as the ?uid pressure level in 
one or more of air spring assemblies 102, for example, is 
about or betWeen pressure levels P 1 and P2, the damping rate 
of one or more dampers, such as one or more of damping 

members 104, for example, can be set at approximately ?rst 
damping rate DRl. Suspension system 100, and particularly 
control system 122 thereof, operates similarly for conditions 
CP2 and CP3. Additionally, it Will be appreciated that some 
overlap in pressure levels, such as betWeen P2 and P3 or 
betWeen P4 and P5 can occur and that either vehicle condi 
tion may be selected in such circumstances. 

While it Will be appreciated that suspension system 100 
can operate in any suitable manner, in one exemplary 
manner of operation controller 124 receives a pressure 
signal having a relation to a ?uid pressure from a pressure 
sensing device, such as pressure sensor 126 (or 126' or 
126"), for example. The controller is then operative to 
determine a corresponding damping rate based on the 
vehicle condition corresponding to the ?uid pressure level. 
Controller 124 is then operative to generate a damper control 
signal having a relation to the corresponding damping rate 
and communicate the damper control signal to at least one 
damping device, such as one or more of dampers 104, for 
example. The one or more damping members, or compo 
nents thereof, receive the damper control signal and operate 
at approximately the corresponding damping rate. 

FIG. 3 illustrates another example of a vehicle condition 
related input and shoWs a plurality of vehicle conditions 
involving the Weight of a load acting on the vehicle. More 
speci?cally, FIG. 3 includes a ?rst vehicle-related condition 
CL 1 represented by a line extending from about an initial or 
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unloaded level L0 to about a moderate load level L1, and 
Which corresponds to a ?rst damping rate DRl. A second 
vehicle-related condition CL2 is represented by a line 
extending from about a moderate load level L2 to a high load 
level L3. It Will be appreciated that some overlap in Weight 
or load levels, such as betWeen L 1 and L2 can occur and that 
either vehicle condition may be selected in such circum 
stances. 

In another exemplary manner of operation of suspension 
system 100, controller 124 is operative to determine a 
Weight of a load on the vehicle or a portion thereof, such as 
at a Weight on vehicle comer, side (e.g., left or right) or end 
(e.g., front or rear), for example. It Will be appreciated that 
the Weight of the load can be determined in any suitable 
manner, such as by determining the same from a ?uid 
pressure and air spring height, for example. Regardless of 
the manner in Which the Weight of the load is determined, 
controller 124 is operative to determine a damping rate 
corresponding to the load, and generate a damper control 
signal having a relation to the corresponding damping rate. 
The damper control signal can then be communicated to at 
least one damping device, such as one or more of dampers 
104, for example. The one or more damping members, or 
components thereof, receive the damper control signal and 
operate at approximately the corresponding damping rate. 

FIG. 4 illustrates still another example of a vehicle 
condition-related input and shoWs a plurality of vehicle 
conditions involving the speed of the associated vehicle. 
Additionally, hoWever, the plurality of vehicle conditions 
involve a second vehicle condition-related input, such as 
pressure or load as discussed above, for example. For 
purposes of discussion, a vehicle load Will be used as the 
second vehicle condition-related input. HoWever, it is to be 
understood that any other suitable input could alternately be 
used, and that the use of vehicle load is merely exemplary. 
FIG. 4 includes a ?rst vehicle condition CVl that is repre 
sented by a line extending from about an initial or Zero 
velocity level V0 to about a ?rst velocity level V1, and Which 
corresponds to a ?rst damping rate DRl. A second vehicle 
condition CV2 is represented by a line extending from about 
a second velocity level V2 to a high velocity level (not 
numbered), Which corresponds to a second damping rate 
DR2. Additionally, ?rst and second vehicle conditions CVl 
and CV2 correspond to a ?rst vehicle load condition, such as 
condition CLl shoWn in and discussed With regard to FIG. 3, 
for example. 

FIG. 4 also includes a third vehicle condition CV3 that is 
represented by a line extending from about an initial or Zero 
velocity level V0 to about a third velocity level V3, and 
Which corresponds to a third damping rate DR3. A fourth 
vehicle condition CV4 is represented by a line extending 
from about a fourth velocity level V4 to the high velocity 
level (not numbered) that is discussed above. The fourth 
vehicle condition corresponds to a fourth damping rate DR4. 
Third and fourth vehicle conditions CV3 and CV4 corre 
spond to a second vehicle load condition, such as condition 
CL2 shoWn in and discussed With regard to FIG. 3, for 
example. It Will be appreciated that some overlap in velocity 
levels, such as betWeen V1 and V2 or betWeen V3 and V4 can 
occur and that either vehicle condition may be selected in 
such circumstances. 

In a further exemplary manner of operation of suspension 
system 100, controller 124 is operative to determine the 
speed of the associated vehicle, such as by receiving a speed 
signal from speed sensing device 130, for example. Addi 
tionally, a second vehicle condition-related input, such as the 
Weight of a load on the associated vehicle, for example, can 
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8 
be determined in a suitable manner, such as by using 
controller 124 as discussed above, for example. In the 
present example, the controller is operative to determine the 
load on the vehicle and select a corresponding group of 
vehicle conditions, such as conditions CVl and CV2 or 
conditions CV3 and CV4, for example, based on the deter 
mined load. Controller 124 is then operative to receive a 
speed signal from the speed sensing device, and determine 
a speed of the vehicle therefrom. Based upon the determined 
vehicle speed, the controller can then determine a corre 
sponding damping rate, and generate a damper control 
signal having a relation to the corresponding damping rate. 
The damper control signal can then be communicated to at 
least one damping device, such as one or more of dampers 
104, for example. The one or more damping members, or 
components thereof, receive the damper control signal and 
operate at approximately the corresponding damping rate. 

FIG. 5 illustrates a further example of a vehicle condition 
related input and shoWs a plurality of vehicle conditions 
involving an operator or driver generated input. While it Will 
be appreciated that a selected input of any suitable type or 
kind can be included, the present example includes a per 
formance-related input in Which the operator selects 
betWeen various damping rate groups or performance cat 
egories. More speci?cally, FIG. 5 shoWs a ?rst selection S1, 
a second selection S2 and a third selection S3. In one 
exemplary embodiment, each selection Will have a direct 
relation to a corresponding input or performance character 
istic, such as damping rate, for example. Altemately, one or 
more additional vehicle condition-related inputs, such as 
pressure, load or speed as discussed above, for example, can 
be involved. For example, as illustrated in FIG. 5, each 
selection (e.g., S1, S2 and S3) includes tWo corresponding 
damping rates, With ?rst selection Sl corresponding to ?rst 
and second damping rates DRl and DR2, second selection S2 
corresponding to third and fourth damping rates DR3 and 
DR4, and third selection S3 corresponding to ?fth and sixth 
damping rates DR5 and DR6. Thus, Which of the tWo 
corresponding damping rates are used for a given selection 
can depend upon one or more other vehicle condition-related 
inputs, such as pressure, load and/or speed, for example. 

In still another manner of operation of suspension system 
100, controller 124 is operative to receive an input signal 
from an operator interface or user input device, such as 
selector sWitch 134, for example. Optionally, the controller 
is also operative to determine one or more input levels, such 
as a pressure level of an air spring assembly, a Weight of a 
load on the associated vehicle, and/or a vehicle speed, for 
example, using a suitable system or component. The con 
troller is then operative to determine a damping rate based 
at least in part on the input signal and the determined input 
levels. The controller can then generate a damper control 
signal having a relation to the corresponding damping rate. 
The damper control signal can then be communicated to at 
least one damping device, such as one or more of dampers 
104, for example. The one or more damping members, or 
components thereof, receive the damper control signal and 
operate at approximately the corresponding damping rate. 
As discussed above, suspension system 100 can include 

any suitable systems and/or components and can be opera 
tive in any suitable manner to vary the damping rate of one 
or more damping members based upon one or more vehicle 

inputs. As such, suspension system 100 can include in any 
suitable method or methods of operation. One exemplary 
method 200 is shoWn in FIG. 6 and includes providing a 
vehicle undergoing a condition-related input, such as a ?uid 
pressure level, a Weight of a load or a vehicle speed, for 
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example, as indicated in box 202. Method 200 also includes 
ascertaining or otherwise determining an input level, such as 
data, values, signals and/or information, for example, having 
a relation to the condition related input, as indicated in box 
204. Method 200 further includes correlating the determined 
input level With a damping rate, as indicated in box 206. 
Method 200 also includes adjusting one or more damping 
devices, such as one or more of damping members 104, for 
example, to operate at approximately the correlated damping 
rate, as indicated in box 208. 

Optionally, suspension system 100 can include an input 
device, such as selector sWitch 134, for example, that is 
capable of permitting a driver or operator to select or 
otherWise communicate a user input. As such, method 200 
can optionally include a determination as to Whether such a 
“Driver Select” input is available, as indicated in decision 
box 210. If a NO determination is made at decision box 210, 
method 200 proceeds to box 206 and correlates the deter 
mined input level to a damping rate. If a YES determination 
is reached as decision box 210, method 200 includes pro 
viding a plurality of damping rate groups, such as a ?rst 
group including damping rates DRl and DR2 corresponding 
to selection S1, a second group including damping rates DR3 
and DR4 corresponding so selection S2, and a third group 
including damping rates DR5 and DR6 corresponding to 
selection S3 as shoWn in FIG. 5, for example, as indicated in 
box 212. Furthermore, method 200 can optionally include 
receiving or otherWise determining the driver input and 
selecting the corresponding damping rate group from the 
provided plurality of damping rate groups, as indicated in 
box 214. Method 200 then proceeds to box 206 and corre 
lates the determined input level to a damping rate from the 
selected group of damping rates. The one or more damping 
devices can then be adjusted to operate at the damping rate, 
as indicated in box 208. 

Control system 122 of suspension system 100 can also 
optionally include con?rming the validity of any vehicle 
inputs and/or corresponding input levels, in any suitable 
manner. As such, method 200 can optionally include a 
checking the validity of a vehicle input and/ or corresponding 
input level, as indicated in decision box 216. If a NO 
determination is reached at decision box 216, then no check 
of the validity is to be made and method 200 proceeds to box 
206 or optionally to box 210, if provided. If a YES deter 
mination is reached at decision box 216, method 200 
includes validating the vehicle inputs and/or input levels, as 
indicated at box 218. A decision box 220 is then reached and 
an inquiry is made as to Whether the vehicle input and/or 
input level is valid. If a NO determination is reached, no 
action is taken, as indicated by box 222, and method 200 
returns to box 204 to determine another vehicle input and/or 
input level. If a YES determination is reached at decision 
box 220, method 200 proceeds to decision box 224 at Which 
an inquiry is made as to Whether another vehicle input and/ or 
input level is to validated. If a YES determination is made, 
method 200 selects the next vehicle input and/ or input level 
to be checked, as indicated in box 226, and proceeds to 
validate the next vehicle input and/or input level at box 218. 
If a NO determination is reached at decision box 224, 
method 200 proceeds to box 206 or optionally to box 210, 
if provided. 

While the subject novel concept has been described With 
reference to the foregoing embodiments and considerable 
emphasis has been placed herein on the structures and 
structural interrelationships betWeen the component parts of 
the embodiments disclosed, it Will be appreciated that other 
embodiments can be made and that many changes can be 
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10 
made in the embodiments illustrated and described Without 
departing from the principles of the subject novel concept. 
Obviously, modi?cations and alterations Will occur to others 
upon reading and understanding the preceding detailed 
description. Accordingly, it is to be distinctly understood 
that the foregoing descriptive matter is to be interpreted 
merely as illustrative of the present novel concept and not as 
a limitation. As such, it is intended that the subject novel 
concept be construed as including all such modi?cations and 
alterations insofar as they come Within the scope of the 
appended claims and any equivalents thereof. 
The invention claimed is: 
1. A control system for an associated suspension system 

of an associated vehicle, the associated suspension system 
including an associated ?uid spring operating at an associ 
ated ?uid pressure and an associated variable-rate damper 
having an associated electronically-variable damping rate, 
the associated ?uid spring having an associated overall 
pressure range Within Which substantially all operation of 
the associated ?uid spring occurs and Which includes the 
associated ?uid pressure, the associated damper having an 
associated overall damping rate range Within Which substan 
tially all operation of the associated variable-rate damper 
occurs and Which includes the associated damping rate, said 
control system comprising: 

a pressure sensor operative to generate a pressure sensor 
signal indicative of the associated ?uid pressure of the 
associated ?uid spring; and, 

a controller in communication With said pressure sensor 
and the associated variable-rate damper, said controller 
including a memory storing ?rst through sixth damping 
rates having values Within the associated overall damp 
ing rate range, and said memory storing a plurality of 
pressure ranges that together include substantially all of 
the associated overall pressure range With each of said 
plurality of pressure ranges being stored in said 
memory in respective association With one of said ?rst 
through sixth damping rates; and, 

said controller is being operative to receive said pressure 
sensor signal, identify said one of said ?rst through 
sixth damping rates based at least in part on said 
pressure sensor signal by determining Which one of 
said plurality of pressure ranges the associated ?uid 
pressure falls Within, and generate a damper adjustment 
signal corresponding to said identi?ed one of said ?rst 
through sixth damping rates for adjusting the associated 
electronically-variable damping rate of the associated 
variable-rate damper. 

2. A control system according to claim 1, Wherein the 
associated vehicle is undergoing an associated vehicle input, 
and said control system further comprises an input sensing 
device in communication With said controller and operative 
to generate a sensing device signal having a relation to the 
associated vehicle input, and said controller is operative to 
receive said sensing device signal and identify said one of 
said ?rst through sixth damping rates based at least in part 
on said pressure sensor signal and said sensing device signal. 

3. A control system according to claim 2, Wherein the 
associated vehicle input is an associated vehicle height, said 
input sensing device is a height sensor operative to generate 
a height signal as said sensing device signal, said height 
signal having a relation to the associated vehicle height, and 
said controller is in communication With said height sensor 
and receives said height signal therefrom, said controller 
operative to identify said one of said ?rst through sixth 
damping rates based at least in part on said pressure sensor 
signal and said height signal. 
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4. A control system according to claim 3, wherein said 
plurality of pressure ranges are stored in said memory as a 
plurality of load values With at least one of said ?rst through 
sixth damping rates corresponding to one of said plurality of 
load values, and said controller is operative to determine an 
associated vehicle load value based at least in part upon said 
pressure sensor signal and said height signal, and said 
controller is operative to identify said one of said ?rst 
through sixth damping rates based upon a comparison of the 
associated vehicle load value With said plurality of load 
values. 

5. A control system according to claim 2, Wherein the 
associated vehicle input is an associated vehicle speed, said 
input sensing device is a speed sensing device operative to 
generate a speed signal having a relation to the associated 
vehicle speed, and said controller is in communication With 
said speed sensing device and receives said speed signal 
therefrom, said controller operative to identify said one of 
said ?rst through sixth damping rates based at least in part 
on said pressure sensor signal and said speed signal. 

6. A control system according to claim 2 further compris 
ing an operator selection device in communication With said 
controller, said operator selection device operative to gen 
erate an output state signal corresponding to one output state 
of a plurality of available output states, said controller 
receiving said output state signal and operative to identify 
said one of said ?rst through sixth damping rates based at 
least in part upon said pressure sensor signal and said output 
state signal. 

7. A control system according to claim 6, Wherein said 
?rst through sixth damping rates are separated into a ?rst 
plurality of damping rates and a second plurality of damping 
rates, said memory storing said ?rst plurality of damping 
rates in association With a ?rst output state of said plurality 
of available output states and said second plurality of 
damping rates in association With a second output state of 
said plurality of available output states, said controller is 
operative to select one of said ?rst and second pluralities of 
damping rates based at least in part on said output state 
signal, and said controller is operative to identify said one of 
said ?rst through sixth damping rates from said selected one 
of said ?rst and second pluralities of damping rates based at 
least in part upon said pressure sensor signal. 

8. A vehicle suspension system for an associated vehicle 
having an associated unsprung mass and an associated 
sprung mass supported on the associated unsprung mass, 
said vehicle suspension system comprising: 

a ?uid spring assembly operatively disposed betWeen the 
associated sprung and unsprung masses and operating 
at a ?uid pressure; 

an adjustable-rate damping member operatively disposed 
betWeen the associated sprung and unsprung masses; 
and, 

a control system including a pressure sensor and a con 
troller, said pressure sensor in communication With said 
?uid spring assembly and operative to generate a 
pressure signal corresponding to said ?uid pressure, 
said controller in communication With said pressure 
sensor for receiving said pressure signal and in com 
munication With said adjustable-rate damping member, 
said controller including a memory storing ?rst through 
sixth predetermined damping rate values and a plurality 
of pressure ranges With each of said plurality of pres 
sure ranges associated With at least one of said ?rst 
through sixth damping rates, and said controller being 
capable of identifying said one of said ?rst through 
sixth damping rates based at least in part on Which one 
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of said plurality of pressure ranges said ?uid pressure 
falls Within such that said control system is operable to: 
select a damping rate value for said adjustable-rate 
damping member from said ?rst through sixth damp 
ing rate values stored in said memory based at least 
in part on said pressure signal; 

generate a damper adjustment signal corresponding to 
said selected damping rate value; and, 

communicate said damper adjustment signal to said 
adjustable-rate damping member. 

9. A vehicle suspension system according to claim 8, 
Wherein the associated vehicle includes an associated 
vehicle input, and said vehicle suspension system further 
comprises a sensing device in communication With said 
controller and operable to generate a sensing device signal 
having a relation to the associate vehicle input such that said 
control system is operative to select said damping rate value 
for generation of said damper adjustment signal based at 
least in part on said pressure signal and said sensing device 
signal. 

10. A vehicle suspension system according to claim 9, 
Wherein the associated vehicle input is an associated dis 
tance betWeen the associated sprung and unsprung masses of 
the associated vehicle, said sensing device is a height sensor 
operative to generate a height signal having a relation to the 
associated distance, and said controller is adapted to receive 
said height signal such that said control system is operative 
to select said damping rate value for generation of said 
damper adjustment signal based at least in part upon said 
pressure signal and said height signal. 

11. A vehicle suspension system according to claim 9, 
Wherein the associated vehicle input is an associated vehicle 
speed, said sensing device is a speed sensor operative to 
generate a speed signal having a relation to the associated 
vehicle speed, and said controller is adapted to receive said 
speed signal such that said control system is operative to 
select said damping rate value for generation of said damper 
adjustment signal based at least in part upon said pressure 
signal and said speed signal. 

12. A vehicle suspension system according to claim 9, 
Wherein said control system includes a selection device in 
communication With said controller and operative to receive 
a user-inputted selection and generate a selection output 
signal corresponding to said user-inputted selection, said 
controller receiving said selection output signal such that 
said control system is operative to select said damping rate 
value for generation of said damper adjustment signal based 
at least in part upon said pressure signal and said selection 
output signal. 

13. A vehicle suspension system according to claim 8, 
Wherein said ?uid spring assembly is one ?uid spring 
assembly of a plurality of ?uid spring assemblies, said 
adjustable-rate damping member is one adjustable-rate 
damping member of a plurality of adjustable-rate damping 
members, said pressure sensor is one pressure sensor of a 
plurality of pressure sensors, each ?uid spring assembly is 
operating at a ?uid pressure, and one pressure sensor of said 
plurality of pressure sensors is operatively associated With 
each ?uid spring assembly of said plurality of ?uid spring 
assemblies, and each pressure sensor is operative to generate 
a pressure signal having a relation to said ?uid pressure of 
said operatively associated ?uid spring assembly. 

14. A vehicle suspension system according to claim 13, 
Wherein each pressure sensor of said plurality of pressure 
sensors is in communication With said controller, and said 
controller receives said pressure signal from each of said 
pressure sensors such that said control system is operative to 
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select said damping rate value for generation of at least one 
damper adjustment signal based at least partially on said 
pressure signal and communicate said at least one damper 
adjustment signal to one or more of said plurality of adjust 
able-rate damping members. 

15. A method of controlling a suspension system of a 
vehicle, the suspension system including an adjustable-rate 
damper and an air spring operating at an air pressure, said 
method comprising: 

a) providing a pressure sensor in communication With the 
air spring and generating a pressure signal having a 
relation to said air spring pressure using said pressure 
sensor; 

b) providing an electronic controller in communication 
With said pressure sensor and said adjustable-rate 
damper, said electronic controller including a memory 
storing no more than six predetermined damping rate 
values and a plurality of air pressure ranges With each 
air pressure range of said plurality of air pressure 
ranges being associated With one of said no more than 
six predetermined damping rate values; 

c) communicating said pressure signal from said pressure 
sensor to said electronic controller; 

d) identifying a target damping rate from one of said no 
more than six predetermined damping rate values using 
said electronic controller based at least partially on said 
pressure signal by comparing said air spring pressure 
With said plurality of air pressure ranges and selecting 
said target damping rate based upon Which of said 
plurality of air pressure ranges said air spring pressure 
falls Within; 

e) generating a damper adjustment signal having a rela 
tion to said target damping rate using said electronic 
controller and communicating said damper adjustment 
signal to the adjustable-rate damper; and, 

14 
f) altering the adjustable-rate damper for operation at 

approximately said target damping rate using said 
damper adjustment signal. 

16. A method according to claim 15, Wherein the vehicle 
5 includes a ?rst input condition and said method further 

comprises: 
g) providing a sensing device in communication With said 

controller and generating a sensor signal having a 
relation to the ?rst input condition; and, 

h) communicating said sensor signal to said controller; 
and, 
Wherein d) includes identifying said target damping 

rate based at least partially on said pressure signal 
and said sensor signal. 

17. A method according to claim 16 further comprising 
determining Whether at least one of said pressure signal or 
said sensor signal represents a valid signal level, and ignor 
ing one or more of said actions if at least one of said pressure 
signal or said sensor signal is determined to be invalid. 

18. A method according to claim 16, Wherein the ?rst 
input condition includes a height condition and said sensing 
device is operative to generate a height signal having a 
relation to the height condition, and h) includes communi 
cating said height signal to said controller and d) includes 

25 identifying said target damping rate based at least partially 
on said pressure signal and said height signal. 

19. A method according to claim 18, Wherein the ?rst 
input condition includes a vehicle load at least partially 
contributing to the height condition, and d) includes deter 

30 mining a load value having a relation to the vehicle load 
based at least in part on said pressure signal and said height 
signal and identifying said target damping rate based at least 
in part on said load value. 
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